Energetics of proline racemase: racemization of unlabeled proline in the unsaturated, saturated, and oversaturated regimes.
The interconversion of L- and D-proline catalyzed by proline racemase has been studied. The entire time course of the approach to equilibrium has been followed. After a short time the product concentration is significant, and the reaction runs under reversible conditions. As the total substrate concentration is increased, the system moves from the unsaturated regime into the saturated regime. At very high substrate levels under the reversible conditions used, the rate constant for substrate racemization falls, as the system moves into the "oversaturated" regime. Here, the net rate of the enzyme-catalyzed reaction is limited by the rate of return of the free enzyme from the form that liberates product back to the form that binds substrate. The results are analyzed in terms of the simple mechanism (table; see text) and illustrate the additional information that is available from reactions studied under reversible conditions. In the unsaturated region the value of the second-order rate constant kU (equivalent to kcat/Km) is 9 X 10(5) M-1 s-1 in each direction. In the saturated region, kcat = kcat = 2600 s-1 and Km = 2.9 mM. In the oversaturated region, the rate constant kO is 81 M s-1. The substrate concentration at which unsaturated and saturated terms contribute equally is 2.9 mM, and the substrate concentration at which saturated and oversaturated terms contribute equally is 125 mM.